what less severe current spreading curves. Figure 3B pre sents the computed results in a form similar to Fig 3A. Curve Mil shows the current density at the neurons if cur rent spread II is both the actual situation and is assumed in computing the corrections. Again, very good fit is possible even for this massive spreading. However, curve MI shows the current density profile if the actual spreading is a type I, calculation assuming II, and curve Mill shows the cur rent density profile if the actual spreading is type III, cal culation assuming II. In this domain, undercorrection is almost no better than no correction, whereas overcorrec tion leads to wildly fluctuating, perhaps damaging, cur rent densities.
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Clearly we need some quantitative criteria for determin ing when current deconvolution is useful, practical, and safe. Current deconvolution will almost always result in stimulation patterns where some electrodes source current and others sink current. These currents can become very large in compensating for broad current spread functions.
The criterion most significant for analyzing the utility of current deconvolution is the condition number of the current spread matrix. Large condition numbers indicate that the matrix is constructed from small differences in large numbers, so are undesirable. Large current re quirements are also associated with large condition num bers, and with small decrements in the current spread function between nearest neighbor electrodes. The Table lists the current decrements, matrix condition numbers, and maximum stimulation currents required for the six current spread functions discussed in this paper.
It is our conclusion from case studies and from the Table that the current spread matrix condition number should be below 200, and preferably below 100, for current spread correction to be a useful tool. Hence we decide that T8 is a good approximation to the useful boundary of cur rent deconvolution.
IMPLICATIONS FOR SPEECH PROCESSORS
If, in fact, current spreading falls within reasonable limits and current deconvolution is feasible, multichannel bandpass analog speech processors may deliver spatially differentiated neural stimulation patterns in a manner never before possible. For monopolar stimulation systems, such current deconvolution is essential to the presentation If current spreading is so severe that current deconvolu tion techniques are not practical, speech processor strate gies that allow only sequential stimulation of electrodes are probably the optimal approach. Such a sequential stimulation strategy is already in use in the Australian prosthesis, which is based on a resonance-tracking algo rithm. More complex versions of feature extraction, se quential stimidation schemes are under investigation at Stanford, in Australia, and perhaps elsewhere. Sequential nonsimultaneous stimulation can also be used with band pass strategies by multiplexing in the time domain stimiJi determined by the output of the various filters.
PARAMETER VALUES FOR CURRENT DECONVOLUTION CALCULATIONS
There is an impact also upon hardware design of cur rent deconvolution. If current deconvolution is used, it is implemented as a matrix multiplication that converts the spectral energy pattern to an electrode current specifica tion. Such multiplications are practical only in digital hardware, so an implication of the present work is that digital speech processors may be the technology of choice for multichannel cochlear prostheses. 
CURRENT DISTRIBUTIONS PRODUCED BY THE BANDED ELECTRODE ARRAY: AN EXPERIMENTAL STUDY CONDUCTED WITH

METHODS
The model consisted of a 22-band electrode array, each band being 0.6 mm in diameter, 0.3 mm in width, and separated from its adjacent band by 0.45 mm,' lying in the base of a tube 5 mm in diameter and 4 cm in length. The tube was filled with a homogeneous normal saline solution.' A probe electrode, 25 /tm in diameter, was used to measure potential differences between the point at which the probe lies and a remotely situated gross reference electrode.
The probe was moved longitudinally along the array by a computer-controlled stepper motor, over a distance of 10 mm, the potential difference between the probe and the remote electrode being measured every 0.1 mm. Three runs of this type were initiated. The first run was done with the probe at a radial distance r, from the array. The radial distance of the probe from the array was then in creased by 0.1 mm and the second run was initiated. For the third run, the probe was returned to the radial dis tance used for the first run, but was displaced perpendicu lar to the radial axis by 0.1 mm. This allowed the collec tion of vector potentials in a three-dimensional grid.
Current density was then calculated in the following manner. Because the displacement between the points was a constant 0.1 mm, the current density at any given point could be calculated as the residtant vector obtained by vector summation of the potential difference in the longi tudinal direction, in the radial direction, and in the direc tion perpendicular to the radial axis.'
RESULTS
Results, in the form of current distributions, were ob tained to investigate 1) the effects of different spacings be tween electrodes for single bipolar pair stimulation, and 2) simultaneous stimulation of two electrically isolated bipo lar pairs of electrodes.
The results show that when interelectrode spacing is varied for stimulation of only one pair, the magnitude of the current distribution remains the same but the current spread is wider when broader interelectrode spacings are used. This provides explanations for psychophysical results observed. For instance, to achieve a comfortable loudness level, greater current levels are required for narrow inter electrode spacings than for broader interelectrode spac ings.* The reason for this is simply that to obtain the same current spread, more current is required for narrower in terelectrode spacings. Current distributions measured by simultaneously stim ulating two pairs of electrodes in the tank model demon strate a point-by-point vector summation of the current densities that would be obtained by independent stimula tion of each of the individual pairs of electrodes. Theoreti cal vector summation considerations lead to the following expectations. As radial distance from the array is in creased, in-phase stimulation would produce a current dis tribution that would demonstrate a notch in the region be tween the two pairs of electrodes, whereas out-of-phase stimulation would produce a bell-shaped current distribu tion. Increasing radial distance from the array further will demonstrate bell-shaped distributions for both in-and outof-phase stimulation, but the magnitude of the current dis tribution for in-phase stimulation will be greater than that for out-of-phase stimulation.
The results obtained from the tank validate these expec tations. Brain stem evoked responses obtained from a cat with an intracochlear electrode array' showed that the re sponses are greater in magnitude for in-phase stimulation than for out-of-phase stimulation. This is in agreement with the results obtained from the tank for radial distances greater than approximately 1 mm and therefore provides an estimate of the distance of the electrode array from the stimulated nerves.
SUMMARY
In conclusion, it is clear that this type of in vitro model is a useful tool when considering current distributions. Re sults suggest that when dealing with simultaneous stimula tion of two electrically isolated bipolar pairs of electrodes, the current distribution demonstrates the effect of vector summation of the current densities of each electrode pair stimulated individually. These results also indicate the im portance of knowing the distance between the array and the stimulated nerves when considering both complicated and simple forms of stimulus parameters.
